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REMOTE SENSOR IMAGERY I N  URBAN RESEARCH: 
SOME POTENTIALITIES AND PROBLEMS 
by 
Eric G .  Moore and Barry S. Wellar 
Department of Geography 
Northwestern Universi ty  
ABSTRACT 
I n  evaluat ing the  p o t e n t i a l  of a new technique of urban da ta  
co l l ec t ion  a t t e n t i o n  must be pa id  t o  e x i s t i n g  needs .  
of t h e  paper  considers a number of requirements t h a t  should be s a t i s f i e d  
by urban d a t a  i f  a sound base f o r  planning and research i s  t o  be 
provided. 
and d iscusses  the  extent  t o  which (1) they generate  d a t a  which a r e  
compatible with the  s p e c i f i e d  requirements, and ( 2 )  they might he lp  
t o  reduce cu r ren t  urban d a t a  de f i c i enc ie s .  
of t h r e e  sensor  types ( the  multiband camera, thermal in f r a red  sensors ,  
and imaging radars)  i n  s p e c i f i c  a reas  of urban research a r e  assessed.  
The f i r s t  p a r t  
The second p a r t  descr ibes  t h e  p rope r t i e s  of remote sensors  
F ina l ly ,  t h e  p o t e n t i a l i t i e s  
REMOTE SENSOR IMAGERY I N  URBAN RESEARCH: 
SOME POTENTIALITIES AND PROBLEMS 
Q Y  Eric G .  Moore and Barry S. Wellar ' 
Department of Geography 
Northwestern University 
Col lect ion and processing of  data  have posed problems f o r  many 
s c i e n t i s t s  concerned with the study of urban phenomena. Much recent  e f f o r t  
has been devoted t o  redef ining the  information needs of planners and policy- 
makers, yet  r e l a t i v e l y  l i t t l e  progress has been made i n  developing methods 
of  s a t i s f y i n g  these needs. This paper i s  concerned with the  po ten t i a l  
contr ibut ion of remote sensors i n  data  co l l ec t ion .  I t  i s  suggested t h a t  
t h e i r  use w i l l  help t o  overcome some of t he  ex i s t ing  urban da ta  problems. 
The study comprises th ree  p a r t s .  In  the  f irst ,  a t t e n t i o n  i s  
Eocussed on a number o f  d a t a  requirements. Certain inadequacies with respect  
t o  these  requirements a re  i d e n t i f i e d  i n  e x i s t i n g  urban da ta  sets.  
p a r t  provides a statement of  t he  proper t ies  of remote sensors and discusses 
t h e i r  r o l e  i n  da ta  co l lec t ion .  Suggestions are made as t o  the  way i n  which 
The second 
r 
I .. 
the use of remote sensors might reduce cur ren t  da t a  def ic ienc ies .  The 
f ina l .  s ec t ion  assesses  p o t e n t i a l i t i e s  of various remote sensors i n  spec i f i c  
areas of urban research. 
, .. gr I - URBAN DATA R?@UIREMENTS 
Recent s tud ie s  have proposed a number of requirements t h a t  should 
be s a t i s f i e d  by urban data ,  if a sound base f o r  planning and research i s  t o  
rovided.' The following a r e  considered t o  be of p a r t i c u l a r  relevance 
'to a discussion of t h e  u t i l i t y  of  remote sensors  i n  urban areas .  
Timeliness - Timeliness r e f e r s  t o  the  temporal r e l a t ionsh ip  between use r  
demands and output of  a d a t a  c o l l e c t i o n  system. 
The f i r s t  i s  t h e  frequency with which complete d a t a  s e t s  may be obtained, 
To understand t h e  rap id  changes experienced by many elements of  t h e  urban 
scene, f requent  observations are required.  In many cases, too c0ars.e a 
time frame imposes severe cons t r a in t s  on the  a b i l i t y  t o  monitor change; 
much of  t h e  material contained i n  t h e  decennial  Census f a l l s  i n t o  t h i s  
category. On t h e  o t h e r  hand, s p e c i a l  surveys,  which a r e  usua l ly  designed 
t o  generate  d a t a  on a 'one sho t '  b a s i s ,  a r e  expensive and a r e  o f t en  
d i f f i c u l t  t o  r e p l i c a t e .  
Two aspects  a r e  re levant .  
The second aspect  of t imel iness  i s  t h e  temporal c o r r e l a t i o n  of 
t h e  observat ions forming one d a t a  set .  
is  important t o  t h e  planning of t r anspor t a t ion  f a c i l i t i e s .  For example, 
i n  attempting t o  eva lua te  t h e  e f f i c i ency  o f  e x i s t i n g  networks it i s  f re-  
quently necessary t o  obta in  t r a f f i c - f low da ta  f o r  t h e  b r i e f ,  y e t  c r i t i c a l ,  
rush-hour per iod.  (Ref. 2 2 )  
The closeness of t h i s  co r re l a t ion  
Other d a t a  sets  have d i f f e r e n t  temporal re- 
quirements; t h e  Census of 
household c h a r a c t e r i s t i c s  
land use  surveys i s  s t i l l  
F l e x i b i l i t y  - F l e x i b i l i t y  
a v a r i e t y  of users .  "his 
Population attempts t o  c o l l e c t  da t a  re levant  t o  
f o r  a s i n g l e  day , and 'the time cons t r a in t  f o r  2 
less r e s t r i c t i v e .  
refers t o  the  capaci ty  t o  s a t i s f y  the  needs of 
i s  p a r t i c u l a r l y  r e l evan t  t o  the  considerat ion o f  
t he  l e v e l  of  aggregation required f o r  a given d a t a  s e t .  Clawson s t r e s s e s  
t h a t  b a s i c  recording should possess the  maximum of d e t a i l  and t h e  minimum 
a pfioz4 c l a s s i f i c a t i o n .  (Ref. 3 ) The sma l l e s t  poss ib le  pa rce l  of 
land ( the  ind iv idua l  l o t )  should be used as t h e  elemental  recording u n i t .  
Only under these  condi t ions can da ta  be s u f f i c i e n t l y  f l e x i b l e  t o  c a t e r  
i, 
(2) capacity of t h e  recording instrument.  
(3) expected e r r o r  of observation of d i f f e r e n t  a1 2s of the  
same property of a given phenomenon. 
should be constant .  For example, observations on the 
ve loc i ty  of t r a f f i c  flow should be  equally accurate  a t  
This expected e r r o r  
c: - low, moderate and high speeds. 
(4) degree of sub jec t ive  evaluat ion i n  the case of a human 
recorder.  
sample design, if coverage of  real-world phenomena i s  not  
complete. 
(5) 
In p a r t i c u l a r ,  t h e  fourth f a c t o r  c rea t e s  many problems. 
has-been pointed out t h a t  t h e  number of substandard houses recorded i n  the  
For example, i t  
1960 U.S. Census is  underestimated p a r t l y  as a r e s u l t  of using enumerators 
inexperienced i n  housing q u a l i t y  evaluation. (Re'f . 24) 
n addi t ion  t o  t h e  above requirements f o r  t h e  d a t a  s e t s  themselves, 
the question of cos t -e f fec t iveness  of t he  co l l ec t ion  method should a l s o  
be ra i sed .  
cons t r a in t s .  
t o  answering the  question 'which method comes c l o s e s t  t o  achieving predefined 
leve ls  of accep tab i l i t y  for the  requirements of t imel iness ,  f l e x i b i l i t y ,  
compat ibi l i ty ,  and r e l i a b i l i t y ,  within the  cons t r a in t s  of  t he  ava i lab le  budget?' 
This statement must be  borne i n  mind i n  the  subsequent discussion,  f o r  
Spec i f i c  da t a  c o l l e c t i o n  p ro jec t s  operate  within given budget 
Available co l l ec t ion  methods should be  evaluattid with a view 
i n i t i v e  judgements regarding uses of remote sensors  i n  the  urban a rea  
muse await r e l i a b l e  cost-effect iveness  s tud ie s  both of ex i s t ing  co l l ec t ion  
methods and of remote sensing techniques. 
equacies i n  ex i s t ing  urban da ta  with respect  t o  t h e  require-  
ments discussed above a f f ec t  both theo re t i ca l  and p r a c t i c a l  aspects of .urban 
esearch. For  example, a fundamental s t e p  i n  the  va l ida t ion  of any theory 
, 
\r 
\ 
- I 1% \ t o  such diverse  needs as those of school d i s t r i c t  planning, l oca l  govern- 
3 mcnt zoning, and evaluation of market p o t e n t i a l  f o r  new r e t a i l  centers  . 
A t  present ,  many da ta  s e t s  a r e  presented i n  gross form f o r  r e l a t i v e l y  la rge  
and of ten  a r b i t r a r y  areas .  Disaggregation i s  usua l ly  impossible, r e s t r i c t i n g  
f eas ib l e  manipulations t o  aggregation of already gross un i t s .  
Compatibility - Compatibility involves t h e  r e l a t ionsh ips  between y s e r  needs 
and (1) t he  various phenomenon-specific da ta  f i l e s  within the  t o t a l  da t a  
set, and (2) d a t a  s e t s  compiled f o r  a number of  d i f f e r e n t  urban areas .  The 
f irst  r e l a t ionsh ip  i s  c lose ly  a l l i e d  t o  the  previous requirement of f l e x -  
i b i l i t y .  I t  i s  necessary t o  ensure t h a t  co l lec ted  da ta  r e l a t e  t o  phenomena 
of i n t e r e s t  t o  t he  user ,  and t h a t  da ta  can be made ava i lab le  a t  l eve ls  of 
aggregation appropriate  t o  the  problems being s tudied .  Furthermore, data 
r e l a t i n g  t o  d i f f e ren t  phenomena must be ava i lab le  a t  the same l eve l s  of 
aggregation. Studies of urban s t r u c t u r e  have frequent ly  been l imi ted  by 
the incompat ib i l i ty  of socio-economic and demographic da t a  compiled f o r  
census t r a c t s ,  and land use da t a  reported f o r  l oca l  planning zones . 4 
For the  second r e l a t ionsh ip  two requirements may be spec i f i ed .  
First, d a t a  r e l a t i n g  t o  t h e  same phenomenon i n  d i f f e r e n t  urban areas  should 
be based on the  same standard de f in i t i on .  A t  p resent ,  the  f a i l u r e  of many 
metropolitan agencies t b  adopt s tandard na t iona l  de f in i t i ons  i s  a severe 
5 handicap i n  developing a systematic  knowledge of urban s t r u c t u r e  . 
data  should be ava i lab le  a t  comparable l eve l s  of  aggregation f o r  d i f f e r e n t  
Second, 
urban areas .  
R e l i a b i l i t y  - R e l i a b i l i t y  r e fe r s  t o  
real-world phenomena a re  recorded. 
c t re 1 i ab i 1 i t y : 
t he  accuracy with which proper t ies  of  
Five main f ac to r s  are considered t o  
(1) s e n s i t i v i t y  of t h e  recording instrument, whether mechanical 
. or  human. 
i 
5 
r 
i s  i t s  empir ical  t e s t i n g  i n  a number of  comparable s i t u a t i o n s .  
such t e s t i n g  i n  t h e  uyban area has been r e s t r i c t e d  t o  the  most simple 
To date  
formulations.  The r e l a t i v e  lack of soph i s t i ca t ion  i n  models of  t h e  i n t e r -  
n a l  s t r u c t u r e  of c i t i e s  has  been as much a func t ion  of t h e  i n a b i l i t y  t o  
t e x t  complex not ions as of  t he  pauc i ty  of ideas  on t h e  p a r t  of t h e  
researchers .  
> .  
The models o f  Burgess, Hoyt, and Harris and Ullman have 
been discussed i n  many empir ical  s t u d i e s  and might be  regarded as 
acceptable conceptual s ta tements  a t  a high l eve l  o f  gene ra l i t y .  (Ref. 18) 
However, once attempts are made t o  construct  models of g r e a t e r  s o p h i s t i -  
ca t ion ,  r equ i r ing  d e t a i l e d  d a t a  concerning loca t ions  and s p a t i a l  r e l a t i o n -  
sh ips  wi th in  t h e  urban area, t h e  d i f f i c u l t i e s  of obtaining an appropriate  
da ta  set  are considerable .  
11 - THE ROLE OF REMOTE SENSORS I N  DATA COLLECTION 
Proper t ies  o f  Remote Sensors -
Remote sensors  are defined as o p t i c a l ,  mechanical o r  e l ec t r i -  
c a l  devices which record da ta  r e l a t i n g  t o  phenomena located a t  some d is tance  
from t h e  recording instrument.  The most f a m i l i a r  example of  a remote 
sensor  is t h e  conventional mapping camera, whose u t i l i t y  has a l ready r e -  
ceived a t t e n t i o n  i n  the  l i t e r a t u r e  on urban land use . However, o the r  
remote sensors  are ava i l ab le ,  whose c h a r a c t e r i s t i c s  and p o t e n t i a l i t i e s  
are less well-known. These c h a r a c t e r i s t i c s  are b r i e f l y  descr ibed below. 
6 
The two b a s i c  types o f  remote sensors  are pass ive  and ac t ive .  (Ref. 1 5 )  
Passive Sensors sample emitted and r e f l e c t e d  r ad ia t ion  from sur faces  
when t h e  energy source i s  independent of t h e  recording instrument.  
The recorded r ad ia t ion  includes both r e f l e c t e d  s o l a r  energy and 
r a d i a t e d  terrestrial  energy. Examples i n  t h i s  category are a e r i a l  
;I 
photographic cameras, thermal in f r a red  and microwave scanners,  
and spectrometers.  
Active Sensors i l luminate  the  surface under inves t iga t ion  with 
r ad ia t ion  of a 
r e f l e c t e d  back 
p a r t i c u l a r  wavelength and then sample t h e  port ion 
t o  the  detect ing device. Examples include imaging 
Y ,' 
radars  and scat terometers  
Spec i f ic  sensors a r e  designed t o  be s e n s i t i v e  t o  rad ia t ions  within a spec i f i ed  
port ion of t h e  electro-magnetic spectrum. 
iden t i fy  a sensor  within the  category ac t ive  8r passive.  
p roper t ies  of  electro-magnetic waves within these  d i f f e ren t  ranges r e s u l t  
This range serves t o  f u r t h e r  
The physical 
i n  d i f f e r e n t  types of da ta  and d i f f e r e n t  data-gathering cons t ra in ts  f o r  
various sensors .  7 These proper t ies  may be summarized b r i e f l y  as follows : 
Sensors Using Vis ib le  Light record types of tona l  and t e x t u r a l  
v a r i a t i o n  v i s i b l e  t o  the  eye. A n  o p t i c a l  image, o r  photograph, i s  
produced (the conventional a e r i a l  camera i s  the bes t  known example 
of  a sensor  i n  t h i s  group). 
r e so lu t ion  c a p a b i l i t i e s  than o ths r  operat ional  systems ; t h i s  means 
t h a t  from a given a l t i t u d e ,  sensors i n  t h i s  category a r e  ab le  t o  
A t  p resent ,  these sensors possess higher  
d iscern  va r i a t ions  of a smaller  s p a t i a l  extent  than o the r  systems. 
Thei r  main disadvantage is  t h a t  e f f ec t ive  operation i s  r e s t r i c t e d  
7 7 ,  
t o  conditions of adequate l i g h t  and minimal cloud cover; they a re  
"good weather-daylight only" systems. 
In f r a red  Sensors I r e g i s t e r  t h e  thermal emissions of ob jec ts  , recording 
impulses of longer wavelength than those of v i s i b l e  l i g h t .  The i m -  
por tan t  d i f fe rence  between these systems and those i n  t h e  previous 
group is t h a t  r ad ia t ion  l eve l s  a t  d i f f e r e n t ' p o i n t s  within the imaged 
area are recorded e l ec t ron ica l ly ,  not  o p t i c a l l y .  Production of an 
e l e c t r o n i c  image r e s u l t s  from f u r t h e r  processing of the  e l e c t r i c a l  
impulses which provide quan t i t a t ive  statements of t h e  l eve l  of 
r ad ia t ion  a t  each surface poin t .  Resolution capab i l i t y  is  a function 
of t h e  s e n s i t i v i t y  of  t he  o r ig ina l  recording equipment; a t  present,  
r e so lu t ion  l eve l s  achieved by inf ra red  sensors a r e  not  as high as 
f o r  conventional o p t i c a l  systems; however, they a r e  not  l imi t ed ' t o  
dayl ight  operat ion,  and they possess some a b i l i t y  t o  pene t ra te  
clouds: An example of an in f r a red  image is  shown i n  Figure 1, 
toge ther  with a comparable panchromatic photograph. 
Microwave and Radar Sensors u t i l i z e  s t i l l  longer wavelength pulses .  
Essent ia l ly ,  they measure the  roughness of t he  imaged sur face ,  and 
by a sequence of operations s imi l a r  t o  t h a t  f o r  in f ra red  sensors ,  
an e l ec t ron ic  image is produced (Figure 2 provides an example). 
Current imaging radars possess t h e  poorest  reso lu t ion  c a p a b i l i t i e s  
among the  t h r e e  sensor  types,  bu t  they compensate f o r  t h i s  by the 
a b i l i t y  t o  cover much l a r g e r  areas i n  one image than e i t h e r  of t he  
I 
o the r  types of sensor  from the  same a l t i t u d e .  
addi t iona l  advantage is  the  a b i l i t y  t o  operate e f f ec t ive ly  both day 
and n ight ,  and under v i r t u a l l y  a l l  weather conditions.  
The d i f f e r e n t  proper t ies  of these  sensors make it  necessary t o  analyze 
t h e i r  various r e tu rns  i n  order  t o  determine the  sensor,  o r  s e t  of sensors,  from 
An important 
I ,  
which the  d a t a  required f o r  a given problem may be most e f f i c i e n t l y  obtained. 
The l eve l  of reso lu t ion  des i red  and t h e  cons t r a in t s  of time and money a r e  
important determinants of t he  f i n a l  decis ion.  
e Relat ionship of t he  Remote Sensor t o  an Urban'Data System 
ollowing discussion concerns t h e  acquis i t ion  and processing 
rns from remote sensors operating from conventional a i r c r a f t .  
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Future developments may see  t h e i r  e f f e c t i v e  operat ion (from the  point  
of view of urban d a t a  needs) from both s t a t i o n a r y  and o rb i t i ng  spacecraf t ;  
although general  p r inc ip l e s  would remain t h e  scme , changes i n  d e t a i l e d  
procedures would be necessary.  
An o v e r f l i g h t  with a remote sensor  produces a c e r t a i n  quan t i ty  of 
imagery of t h e  urban area.  
a sequence of operat ions i n  t h e  inves t iga t ion  of  a given problem. 
Furthermore, t h e  interdependence of decis ions regarding goals  t o  b e  
pursued, d a t a  co l l ec t ed  , and hardware u t i l i z e d  r equ i r e  t h a t  these  operations 
be s t ruc tu red  wi th in  an ove ra l l  framework. This framework may be diagramed 
i n  a number of ways8: 
t h e  means of d a t a  co l l ec t ion ,  i s  given i n  Figure 3. 
Provis ion of raw d a t a ,  however, i s  b u t  one of 
one such formulation, i n  which remote sensing is  
In t h e  diagram, t h e  i n i t i a l  s t e p  i s  i d e n t i f i c a t i o n  of t h e  problem t o  
be s tudied .  
complex po l i cy  decis ions r e l a t i n g  t o  urban renewal; however, it i s  
the  d e t a i l e d  formulation of t h e  problem whicfi permits s p e c i f i c a t i o n  of t h e  
da ta  requi red  i n  i t s  so lu t ion .  Included i n  these  spec i f i ca t ions  are 
s c a l e  requirements ( the  l e v e l  of d e t a i l  desired)  which determine the  
optimum a l t i t u d e  f o r  t h e  ove r f l i gh t .  In  addi t ion ,  t he  u s e r  s p e c i f i e s  t h e  
time and f l i g h t  path of t h e  run. 
input t o  t h e  Urban Data System. 
This may range from simple updating of a land use map t o  making 
A l l  of  t h i s  information proceeds as 
The func t ion  of 'Data Acquis i t ion Control '  i s  t o  program technica l  
d e t a i l s  of t h e  over f l igh t .  
monitoring of  t h e  equipment during t h e  f l i g h t ,  and subsequent checking 
of t h e  t echn ica l  q u a l i t y  of t h e  imagery. 
This implies p r e - f l i g h t  t e s t i n g  of t h e  equipment, 
The output  o f  t h e  
produced images. From 
over f l igh t  is  a set  of o p t i c a l l y  o r  e l e c t r o n i c a l l y  
t h e  po in t  o f  view o f  i n t e r p r e t a t i o n ,  i t  i s  important 
t 
““1 
. i  J 
, 
L 
I 
t o  r e a l i z e  t h a t  there  i s  a d i f fe rence  between the  da t a  contained i n  a given 
image and the  da t a  t h a t  could be co l lec ted  by a ground observer. Both data  
s e t s  a r e  a s se r t ions  as t o  what e x i s t s  i n  the  study area; however, data  
recorded by the two co l l ec t ion  methods a re  not  t he  same. The imagery is  
s e n s i t i v e  t o  the  sensor ’s  perspect ive r e l a t i v e  t o  t h e  ground and t o  pre-  
va i l i ng  atmospheric conditions,  whereas the  ground observer’s perception 
of the study area  i s  a funct ion of h i s  socio-economic c h a r a c t e r i s t i c s ,  
personal experience, and v i sua l  acui ty .  The two da ta  s e t s  overlap (as 
indicated i n  Figure 3);  one concern i n  i n t e r p r e t a t i o n  i s  t o  determine e l e -  
ments which a r e  common t o  both. 
Subsequent processing of t h e  images may proceed i n  a number of ways. 
For example, v i sua l  ana lys i s  may be undertaken by experienced in t e rp re t e r s ;  
extracted d a t a  and images may be f i l e d ,  t o  be used a t  a l a t e r  da t e  t o  record 
L 
changes over time by v i sua l  comparison with imagery from another over f l igh t .  
For small, s p e c i f i c  p ro jec t s  such as  the  ca lcu la t ion  of  the  acreage of 
vacant l o t s  within a l imi ted  a r e a  of the  c i t y ,  t h i s  procedure may be suf -  
f i c i e n t ;  however, when considerable amounts of information a re  required f o r  
large a reas  of the  c i t y ,  v i sua l  i n t e r p r e t a t i o n  i s  f requent ly  too slow. 
To i d e n t i f y  the  magnitude of t he  i n t e r p r e t a t i o n  problem, consider a 
program designed t o  obtain conventional a e r i a l  photographic coverage of 
Chicago from a he ight  of 3000 f e e t ,  using an RC-8 mapping camera . ‘ Chicago 9 
measures 20 miles (E-W) by 50 miles (N-S), covering an a rea  of approximately 
1000 square’miles .  
which has  a f i e l d  of view 74’ square, w i l l  image a band approximately 7/8 
mile wide along t h e  f l i g h t  path. Assuming a 20% overlap on each N-S run, 
30 l ines  would be flown, producing about 1600 photographs. 
From an a l t i t u d e  of 3000 f e e t  above datum, t h e  RC-8, 
In  comparison, the acquis i t ion  of complete coverage from t h e  same 
l t i t u d e  using a multiband camera g r e a t l y  magnifies the  problem. This 
1u 
system has a 2 1 O  square f i e l d  of view, and siniultancously exposes nine 
frames f o r  each imaged area . 
Figure 4.)  
A study of Figure 4, which i s  a multiband photograph taken from 3000 fee t ,  
10 (An example of one such image i s  given i n  
An ove r f l i gh t  a t  3000 f e e t  would generate  270,000 images. 
shows t h a t  t h e  l e v e l  of d e t a i l  obtained i s  extremely f i n e .  An increase  
i n  a l t i t u d e  w i l l  reduce t h e  l e v e l  of d e t a i l ,  b u t  it w i l l  a l s o  redace t h e  
t o t a l  number of images produced. 
same number of f l i g h t  l i n e s  (30) as f o r  conventional coverage a t  3000 
However, even a t  10,000 f e e t ,  where t h e  
feet  would be needed, t h e  t o t a l  i s  s t i l l  over 14,000. 
To cope with t h i s  quan t i ty  of imagery i t  i s  necessary t o  develop 
automated methods of i n t e r p r e t a t i o n .  What i s  needed i s  a t r a n s l a t i o n  of 
d a t a  contained i n  t h e  image i n t o  a numerical form amenable t o  processing 
by modern computer techniques.  One method of accomplishing t h i s  i s  by 
11 
i J use of a micro-densitometer . This instrument scans t h e  negat ive of an 
image l i n e  by l i n e  with a very small l i g h t  spot ;  t he  amount of l i g h t  which 
passes through t h e  negat ive produces an e l e c t r i c a l  impulse whose magnitude 
i s  a func t ion  of t h e  dens i ty  of t h e  negat ive a t  the  poin t  of impact of t h e  
l i g h t  s p o t .  
numerical values  represent ing v a r i a t i o n s  i n  dens i ty  of t he  negat ive.  
The image i s  thus described by a l i n e  by l i n e  sequence of 
These 
values  may be  punched on cards,  o r  s t o r e d  on tape i n  sequence, t r ans fe r r ed  
t o  a computer, and subjec ted  t o  ana lys i s .  
The use of automated methods involves two f a c t o r s .  The f i r s t  i s  t h e  
development of s u i t a b l e  i n t e r p r e t a t i o n  algorithms f o r  automatic recogni t ion 
of d i f f e r e n t  types of phenomena. 
urban scene can be r e l i a b l y  i d e n t i f i e d  
algorithms should become ava i lab le ;  with r e s p e c t .  t o  ind iv idua l  problems i t  
w i l l  then become a quest ion of programming t h e  system t o  match t h e  appropriate  
A t  p r e sen t  only a few elements of t h e  
12  . A s  research progresses  cons is ten t  
10a 
FIGURE 4:  Resident ta l  Subdivision - 0.45 - .51  mu. 
Phoenix, Arizona 
Source: Earth Resources Ai re ra f t  Prograii ,  NASA, Mission # 1 2 ,  Test  S i t e  #29, J u l y ,  1965 
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algorithm with s p e c i f i c  u s e r  da t a  needs, 
The second i s  the  development of hardware capable of applying these 
algorithms t o  processing the  l a rge  q u a n t i t i e s  of imagery produced by an 
over f l igh t .  A t  present,  no system i s  capable of processing as many as a 
thousand images within reasonable bounds of time and cos t .  
progress i n  computer technology i s  s u f f i c i e n t l y  rapid t h a t  some operat ional  
However, 
b b  
capab i l i t y  is  an t i c ipa t ed  i n  the  near  fu tu re .  
The f i n a l  demand on t h e  user  i s  t o  specify the format of output 
from the urban da ta  system. 
the  l eve l  of a r e a l  aggregation f o r  t ab le s  of summary s t a t i s t i c s .  
This does not  imply merely the statement of 
Recent 
developments i n  computer graphics have made it poss ib le  t o  express output 
d i r e c t l y  i n  t h e  form of maps and diagrams, thus c rea t ing  a much wider 
choice of f i n a l  format . 13 
0 
Charac te r i s t i c s  of Data ex t rac ted  from Remote Sensor Imagery 
A t  t h e  present  time it is  poss ib le  t o  make some general  observations 
regarding c h a r a c t e r i s t i c s  of d a t a  co l l ec t ed  by remote sensor .  These 
c h a r a c t e r i s t i c s  a r e  discussed within the  context of the  da ta  requirements 
I r, 
outl ined a t  the,beginning of t h e  paper. A s  research continues it w i l l  be 
possible  t o  make more s p e c i f i c  quan t i t a t ive  statements,  p a r t i c u l a r l y  with 
regard to time and cos t  involved i n  a t t a i n i n g  given leve ls  of  accep tab i l i t y  
f o r  each requirement. 
1 
I_p_u Timeliness - Using remote sensing equipment, t h e  per iod required t o  gather  
This ensures a p ropr i a t e  imagery f o r  an urban area  i s  r e l k t i v e l y  sho r t .  
co r re l a t ion  of  ind iv idua l  observations i n  one d a t a  s e t .  
L 
e example of conventional a e r i a l  coverage of Chicago, t o t a l  f l y ing  
needed using a Convair CV-240 (the a i r c r a f t  used by 
I .  
1 2  
NASA f o r  i t s  remote sensing experiments) i s  1% hours. Since t h e  RC-8 
camera only operates  e f f e c t i v e l y  i n  dayl ight  hours, t h e  program would have 
t o  be spread over two o r  t h ree  days. 
required f o r  multiband coverage from 10,000 f e e t ;  i n  comparison, 74 hours 
The same amount of time would be 
would be required f o r  multiband coverage from 3000 f e e t .  
4 ? &  
The second aspect  of  t imel iness  i s  t h e  frequency with which 
complete d a t a  s e t s  may be obtained f o r  t he  same area.  With t h e  use  of 
remote sensors,  comparable da t a  a r e  required by rescheduling an a i r c r a f t  
over f l igh t  a t  desired time in t e rva l s .  The r e l a t i v e  ease of  organizing 
an over f l igh t  i s  of s ign i f icance  i f  da t a  a r e  required a t  shor t  no t ice ;  
i n  general ,  t h e  l ag  time between decis ion and e f f e c t i v e  operat ion would 
be ' sho r t e r  than i f  a f i e l d  survey had t o  be planned and enumerators br iefed.  
F l e x i b i l i t y  - Data extracted from imagery a r e  extremely f l e x i b l e  with 
regard t o  a r e a l  aggregation. 
i s  determined by the  reso lu t ion  capab i l i t y  of t he  sensor a t  t h e  a i t i t u d e  
'1 
-1 
The lower bound t o  the  l eve l  o f  aggregation 
o f  t h e  ove r f l i gh t .  A s  can be seen from Figure 4, t h i s  can be made l e s s  
than t h e  individual  land parce l  proposed by Clawson as t h e  b a s i c  recording 
u n i t  f o r  land use data .  
- A t  p r e h n t ,  t h e  most se r ious  r e s t r i c t i o n  t o  t h e  compilation 
of extensive d a t a  sets using remote sensor imagery i s  t h e  r e l a t i v e l y  small 
number o f  phenomena which can be i d e n t i f i e d  using automated procedures. 
implies t h a t  e x i s t i n g  compatibi l i ty  between such da ta  and user  needs i s  
l imi ted .  
is an area o f  extremely active research,  which promises t o  y i e l d  a g r e a t l y  
increased number o f  automatically i d e n t i f i a b l e  urban phenomena within t h e  
I 
+ This 
However, automatic photo in te rpre ta t ion  and pa t t e rn  recogni t ion 
respect  t o  t h e  temporal aspect  of compatibi l i ty ,  remote sen- 
sesses  one s i g n i f i c a n t  a t t r i b u t e .  If, f o r  a given ove r f l i gh t ,  
data  r e l a t i n g  t o  a s p e c i f i c  c l a s s  of phenomenon can be ex t rac ted ,  then 
theo re t i ca l ly  the  same type of da t a  can be ex t rac ted  f o r  comparable 
previous ove r f l i gh t s .  
da t a  on development i s  needed, recourse can be  made t o  ava i lab le  imagery 
f o r  previous per iods.  
vey re turns  which are designed t o  record da ta  on a l imi ted  numbepof 
phenomena; i f  a c e r t a i n  c l a s s  of da ta  i s  not obtained a t  one point  i n  
time, it obviously cannot be  subsequently r e t r i eved  
Thus, i f  a problem arises f o r  which h i s t o r i c a l  
%lis presents  a marked con t r a s t  t o  Census and su r -  
With respec t  t o  compatibi l i ty  of d a t a  f o r  d i f f e ren t  urban 
areas ,  remote sensors possess o t h e r  advantages. The extreme f l e x i b i l i t y  
of ex t rac ted  da ta  means t h a t  t h e  s p a t i a l  framework pe r t inen t  t o  a given 
problem can be  applied t o  any urban area,  i . e . ,  t h e  l eve l  of aggregation 
is i n t e r n a l  t o  the analysis  r a t h e r  than ex terna l .  Furthermore, develop- 
1 
-*’ ment of automated i n t e r p r e t a t i o n  procedures based on standard de f in i t i ons  
implies t h a t  comparability of da t a  i s  objec t ive ly  determined f o r  each 
area.  
F ina l ly ,  establishment of compat ibi l i ty  of da t a  both f o r  t he  
same area a t  d i f f e r e n t  times and a l s o  f o r  d i f f e r e n t  areas a t  the  same time 
will depend on t h e  determination and recording of appropriate  control  
parameters, 
a l t i t u d e ,  instrument parameters, and ex i s t ing  l i g h t  and weather conditions.  
Information r e l a t i n g  t o  these  f a c t o r s  can be used t o  s tandardize re turns  
, 
For example, the exact nature  of r e tu rns  depends on a i r c r a f t  
(t 
R e l i a b i l i t y  - For  the classes of phenomena f o r  which remote sensors can 
4 
-- 
rovide data ,  t h r e e  advantages v i s  -a-vis current  methods a r e  c i t ed :  
(1) Capacity of a sensor  with r e s p e c t ’ t o  acquis i t ion  of d a t a  
r a f i e l d  enumerator. For recording s t a t i c  
I 
14 
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phenomena, t h i s  a t t r i b u t e  may not  be of g rea t  importance; however, f o r  
recording dynamic events,  such as c h a r a c t e r i s t i c s  of t r a f f i c  flow, the 
r a t e  a t  which events must be  recorded may be  beyond the  capacity of t h e  
I. 
individual ,  r e s u l t i n g  i n  unavoidable e r r o r s  of omission. 
(2) Data ex t rac ted  from imagery can be  r ead i ly  checked. In  
the  case of  the enumerator, it is  suggested t h a t  f i e l d  checking cbngumes 
grea te r  amounts of time (and therefore  of  money) than remote sensing 
techniques f o r  comparable da ta  f i l e s .  Furthemore, ' for da t a  r e l a t i n g  t o  
dynamic events checking is  frequent ly  impossible, permitt ing e r r o r s  i n  
counting and c l a s s i f i c a t i o n  t o  pass unnoticed. 
(3) The problem of sub jec t ive  evaluat ion i s  reduced i f  imagery 
Po ten t i a l  f o r  consensus i s  g r e a t e r  f o r  can be used i n  da t a  co l lec t ion .  
a small number of t r a ined  i n t e r p r e t e r s  than f o r  the  la rge  body of  
r e l a t i v e l y  untrained personnel employed i n  f i e l d  enumeration. 
One poin t  i s  stressed: t h e  use of remote sensors does not 
us 
make t h e  ground survey redundant. The ground survey must be used t o  pro- 
vide i n i t i a l  information from which parameters f o r  the i n t e r p r e t a t i o n  
algorithms can be developed; equal ly  important, f u r t h e r  ground surveys must 
be  undertaken t o  prevent systematic  e r r o r s  from accumulating over a lengthy 
period. 
b- 
The funct ion of t h e  ground survey is  t o  monitor t h e  r e l i a b i l i t y  
of da t a  obtained from remote sensor  imagery. Therefore, the  r e l i a b i l i t y  
.of ex t rac ted  da ta  i s  highly dependent on the  accuracy of observation i n  
associated ground surveys. 
III - SOME POTENTIAL USES OF REMOTE SENSORS I N  URBAN RESEARCH 
Discussion i n  the  previous sec t ion  i s  concerned with general  
A t  t h i s  c h a r a c t e r i s t i c s  of data  ex t rac ted  from remote sensor  imagery. 
t inie , 
i n  wh 
these  
it i s  a l s o  poss ib l e  t o  make some s p e c i f i c  suggestions as  t o  areas  
ch t h  s da t a  c o l l e c t i o n  technique might be  appl ied.  
suggestions form a b a s i s  f o r  fu tu re  research,  and as such it is  
I n  general ,  
an t i c ipa t ed  t h a t  t he  following comments w i l l  undergo considerable  c la r i -  
f i c a t i o n  and extension as research is  pursued. 
Each sensor  possesses advantages over o t h e r  sensors  f o r  s p e & f i c  
purposes as a consequence of  operat ing over a l imi t ed  range of t h e  
electro-magnetic spectrum. However, i n  evaluat ing the  p o t e n t i a l  u t i l i t y  
of a remote sensing system, i t  is  no t  s u f f i c i e n t  t o  ask whether t h a t  
sensor  i s  capable of acquir ing imagery from which a spec i f i ed  d a t a  s e t  
can be  ex t rac ted .  
b l e ' o f  providing the  des i red  da ta ,  which s a t i s f y  the  c r i t e r i a  of  t imel iness ,  
The fundamental quest ion i s  whether the sensor  i s  capa- 
I 
f l e x i b i l i t y  , compatibi l i ty ,  and r e l i a b i l i t y  more rap id ly ,  more accura te ly  , 
o r  with lower c o s t s  than o t h e r  ava i l ab le  co l l ec t ion  methods. 
With r e spec t  t o  measurement, two types of  da t a  may be  recognized: 
( I )  
and (2) da t a  on dynamic p a t t e r n s ,  such as t h e  niovement of people, commodities, 
d a t a  on s t a t i c  pa t t e rns ,  such as arrangement o f  f a c i l i t i e s  o r  land uses,  
and information. These two classes of  da t a  have #been r e l a t e d  t o  recommended 
types of  sensing capab i l i t y ,  namely "on-demand" and "real-time" systems. 
l u t i o n  de tec t ion  and warning, dispatching of vehic les  and 
1 
# lance would b e  des i r ab le  i n  f i re  de tec t ion  and cont ro l .  a i r  
' 1 9  
"The ea r th  i t se l f  may b e  regarded as a s torage  bank f o r  much 
information, with d a t a  from remote sensors  ava i l ab le  'on-demand. 
For many s ta t ic  urban f ea tu res  ~ where s to rage  of information 
might be  expensive, "rediscoveryft  of t he  information on demand, 
by in t e r roga t ion  of  an information system l inked t o  ... o r b i t a l  
sensors ,  might be an expedient so lu t ion .  Examples of appl ica t ions  
include inventor ies  of s t r u c t u r e s  f o r  tax purposes and su f f i c i ency  
t 
~ 
a t i n g s  f o r  roads and s t r e e t s  
.e.............. 
A number o f  urban elements change form o r  pos i t i on  rapidly,  and 
nowledge of  t hese  changes i s  important.  
raff ic .  Almost instantaneous i n f o m a t i o n  on s h i f t s  i n  t l e  s ta te  
Many t r a f f i c - r e l a t e d  research quest ions requi re  
An example is  urban 
of t he  t r a f f i c  stream i s  a r e q u i s i t e  f o r  cont ro l  o r  emergency 
ac t ions .  
continuous d a t a  on flow c h a r a c t e r i s t i c s .  Real-time s u r v c i l -  
16 
( i d e n t i f i c a t i o n  of) bui lding construct ion s t a r t s . "  (Ref. 19) 
Since t h e  proper t ies  of  d i f f e r e n t  sensors a r e  associated with t h e  
capab i l i t y  of c o l l e c t i n g  d i f f e r e n t  types of da t a ,  p o t e n t i a l  uses a re  discussed 
i n  r e l a t i o n  t o  s p e c i f i c  sensors. 
Three types of sensor a r e  considered; t he  multiband camera, 
._ 
thermal in f r a red  systems, and imaging radars .  
1. The Multiband Camera 
I n  conventional a e r i a l  photography, one image i s  produced recording 
._ 
the  r ad ia t ion  r e f l e c t e d  from the  imaged surface.  The wavelengths of this 
r ad ia t ion  l i e  between 0 . 4  and 0 .7  microns ( the  v i s i b l e  range of t he  e lec t ro-  
magnetic spectrum). I n  t h e  multiband system, severa l  simultaneous images 
of t he  same s e t  of ob jec ts  a r e  produced, each imaze recording r e tu rns  f o r  
a separa te  p a r t  of t h e  ' v i s i b l e '  and 'near v i s i b l e '  spectrum ( the  normal 
range o f  such a system i s  from 0.4 t o  0.9 microns which includes the  near 
15 inf ra red)  . 
The main advantage of t h i s  sensor i s  the  high degree of reso lu t ion  
I n  addi t ion,  t he  p la te - to-p la te  v a r i a t i o n  f o r  simul- which can be  achieved. 
taneously exposed images provides a de ta i l ed  base f o r  i n t e rp re t a t ion  of re -  
tu rns .  The tona l  va r ik t ion  of  a given element f o r  t he  sequence of images i s  
termed i t s  spec t r a l  s igna ture  and forms an important component i n  i d e n t i f i -  
16 ca t ion  of t he  corresponding element on t h e  ground . 
Since t h e  system depends t o  a . g r e a t  extent  on v i s i b l e  l i g h t ,  it 
possesses a bas i c  l imi t a t ion  i n  t h a t  i t s  e f f e c t i v e  operation i s  r e s t r i c t e d  
t o  'good-weather-daylight only' conditions.  
been noted above, i s  t h e  la rge  quant i ty  of imagery produced f o r  an over f l igh t  . .  
a t  low t o  moderate a l t i t u d e s .  
A f u r t h e r  disadvantage, as  has 
These comments suggest t h a t  t h e  multiband 
17 
camera i s  b e s t  su i t ed  t o  l a rge  s c a l e  surveys i n  which exact timing i s  not 
c r i t i c a l .  I n  o ther  words, it is  su i t ed  t o  providing 'on-demand' da t a ,  
The b a s i c  appl ica t ion  of  t h i s  sensor i s  i n  t h e  updating of 
s p e c i f i c  inventor ies  f o r  urban areas .  
making more rapid pol icy  decis ions to counteract adverse changes i n  many 
aspects of urban l i f e .  
This would provide t h e  b a s i s  f o r  
E 4  
Two types of inventory may be defined: 
(1) Inventor ies  f o r  which required d a t a  may be  ex t rac ted  
d i r e c t l y  from imagery. Examples a r e  t h e  compilation of 
road and s t r e e t  c h a r a c t e r i s t i c s ,  loca t ing  new bui ldings 
of d i f f e r e n t  types,  and mapping t h e  spread of urban b l i g h t .  
- 
(2) Inventor ies  f o r  which the  exis tence of t h e  phenomenon has  
t o  be in fe r r ed  from the  presence of o ther  f ea tu res  known t o  
be cons i s t en t ly  associated with t h a t  phenomenon. An example 
of an ' inventory by surrogate '  compiled from imagery i s  pro- 
vided by Wellar9s study of  housing q u a l i t y  i n  Chicago. 
In  t h i s  s tudy p a r t i c u l a r  a t t e n t i o n  is  paid t o  t h e  i d e n t i f i -  
ca t ion  of a reas  of  substandard dwellings. I t  i s  found t h a t  
certainbznvironmental  c h a r a c t e r i s t i c s  such as t h e  presence 
[Ref. 25) 
of l i t t e r ,  l ack  of playing space,  and unkempt yards a re  con- 
s i s t e n t l y  associated with low q u a l i t y  housing. 
environmental c h a r a c t e r i s t i c s  a r e  r e a d i l y  i d e n t i f i a b l e  on 
t h e  multiband photographs; i n  p a r t i c u l a r ,  r e tu rns  i n  t h e  
near in f r a red  range of  t h e  spectrum a r e  found t o  be s i g n i f i -  
cant i n  providing r e l i a b l e  i d e n t i f i c a t i o n .  
methods of evaluat ion and mapping*of a v a r i e t y  of  urban da ta  
consume considerable amounts o f  time and money, multiband 
imagery would seem t o  possess t h e  p o t e n t i a l  f o r  a considerable 
These 
Since cur ren t  
18 
cont r ibu t ion  i n  t h i s  f i e l d .  
. I t  i s  again s t r e s sed  t h a t  use of mul t i spec t ra l  photography i n  
compiling o r  updating inventor ies -does  not exclude the&ground survey. The 
type of survey design envisaged fo r  a p ro jec t  such as  t h e  r egu la r  updating 
of  a c i t y  land use map might encompass conventional ground coverage every 
f i v e  years  associated with annual over f l igh ts  with a multiband ca”me$a. If 
subsequent research shows t h a t  t h e  degree of  r e l i a b i l i t y  of  multiband da ta  
i s  extremely high, f u l l  coverage every f i v e  years  might be replaced by care- 
f u l l y  cont ro l led  a r e a l  sampling with t h e  remote sensor being used f o r  
the  bulk of da ta  co l lec t ion .  
A t  t h e  l eve l  of v i sua l  i n t e r p r e t a t i o n ,  mul t i spec t ra l  photography 
i s  ab le  t o  provide de t a i l ed  and more accurate  urban land use d a t a  than any 
o ther  ava i lab le  system. I t  i s  a l s o  suggested t h a t  t h e  number of  man-hours 
required t o  e x t r a c t  land use da t e  from multiband imagery is  s u b s t a n t i a l l y  
l e s s  than f o r  ex i s t ing  f i e l d  survey methods, although cont ro l led  experiments 
1 
a r e  necessary t o  v e r i f y  t h i s  contention. 
The c a p a b i l i t y  of t h e  sensor t o  obta in  coverage of t h e  urban area 
a t  frequent i n t e r v a l s  means t h a t  changes i n  urban land use could be monitored 
much more e f f e c t i v e l y  than a t  present .  
Houston meeting on uses of  spacecraf t  i n  geographic research commented that 
Pse t t lements  change form and funct ion faster than conventional measurements 
can monitor and t h e  nature  of t h e  urban problem has transcended t h e  a b i l i t y  
of  almost a l l  contemporary monitoring systems’ (Ref 19). I t  i s  a n t i c i -  
pated t h a t  t h e  multiband camera w i l l  provide a g r e a t l y  increased capab i l i t y  
to cope with t h e  problem of r a p i d l y  changing urban s t ruc tu re .  
2.  Thekmal Inf ra red  Sensors 
The urban geography panel a t  t h e  
+e 
. . . . . . . . . . 
Thermal sensors produce e l ec t ron ic  images compiled from a sampling 
1 
. ,% 
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of r ad ia t ions  within t h e  spec t r a l  range 8 - 14 microns. 
e s s e n t i a l l y  r e l a t e  t o  differences i n  surface temperatures within the  
imaged area.  
The d a t a  co l lec ted  
A t  p resent ,  it i s  more d i f f i c u l t  t o  make d e f i n i t i v e  statements 
regarding t h e  po ten t i a l  usefulness  of thermal sensors  than f o r  any o ther  
system. 
& A  
There a r e  two b a s i c  reasons f o r  t h i s :  
(1) lack of f a m i l i a r i t y  of urban s c i e n t i s t s  with t h e  technica l  
d e t a i l s  of t h e  in f r a red  sensors,  and 
17 (2) lack of imagery ava i lab le  f o r  general  use . 
Despite t hese  drawbacks it i s  usefu l  t o  consider t h e  c h a r a c t e r i s t i c s  of 
re turns  from t h i s  sensor i n  g rea t e r  d e t a i l .  
w i l l  be  provided f o r  t h e  subsequent discussion of po ten t i a l  uses  and problems 
. .  
By so doing, a b e t t e r  perspect ive 
I n  an urban environment t h e r e  a r e  severa l  ways i n  which rad ian t  
energy i s  emitted.  
and man-made) and l a t e r  emitted.  
as burning waste-heaps, s l a g  p i l e s ,  and smokestacks r a d i a t e  d i r e c t l y  i n t o  
t h e  atmosphere. 
e t c . , )  r e s u l t  i n  t he  emission of  rad ian t  energy ,from walls  and roofs  of 
bui ldings i n  which the  
Solar  i n so la t ion  may be absorbed by objec ts  (na tura l  
Sources of non-solar rad ian t  energy such 
Other sources of non-solar energy (furnaces,  s toves,  engines, 
are located.  .y, 
Surface temperature v a r i a t i o n s  which a r e  detected axd measured 
a r e  determined by many f a c t o r s ,  such as  the  following: 
ob jec ts ,  t h e i r  thermal conduct ivi ty ,  t h e i r  surface-to-volume r a t i o ;  t h e i r  
sur face  composition (e.g. t ex ture ,  pigmentation), t h e  angle of incidence 
the  hea t  capaci ty  o f  
of s o l a r  r a d i a t i o n ,  previous l eve l s  of rad ian t  energy, and previous weather 
ne of t hese  f ac to r s ,  or even a combination o f  f a c t o r s  
ay predominate i n  a given s i t u a t i o n .  
t i o n  t o  these  sources of  surface temperature v a r i a t i o n  
rom airborne platforms of r ad ia t ion  emitted from earch 
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surfaces (both na tura l  and man-made) i s  a f fec ted  by t h e  s t a t e  o f  t he  
atmosphere separa t ing  the  sur faces  and t h e  recording instrument. Furthermore, 
considerat ion must be given t o  t h e  d is tance  between the  emit t ing surfaces  
and recorder  ( the  a l t i t u d e  of t h e  a i r c r a f t  abovc datum), and deviat ions 
from t h e  v e r t i c a l  of t h e  l i n e  of s i g h t  from recorder  t o  surfaces .  
Control problems a r e  g rea t e r  f o r  thermal sensors than f o r  any 
o ther  imaging system. They considerably complicate i d e n t i f i c a t i o n  procedures 
For example, t h e  temperature of an automobile i s  a function o f  i t s  own 
in t e rna l  head source, i t s  ve loc i ty ,  t he  hea t  created by f r i c t i o n  between 
t i res  and road surface,  d i r e c t  s o l a r  i n so la t ion ,  t h e  temperature of t he  
a i r ,  and r ad ia t ion  from other  nearby objects .  Thus, a statement 
such as  "if w e  consider t h a t  roads carrying a g r e a t e r  flow of vehicu lar  
t r a f f i c  have a higher  temperature than roads with flow considered normal, 
and i f  methods of simultaneous imagery were accomplished so  t h a t  area-wide 
pa t t e rns  could be es tab l i shed ,  it might be poss ib le  t o  obtain v a l i d  
information about t r a f f i c  migrations within a given area  on a round-the-clock 
basisff1$ would requi re  a grea t  deal  of research before  they could be sub- 
s t a n t i a t e d .  In  f a c t ,  i n  view of ex i s t ing  methods of da t a  co l l ec t ion ,  
it is  doubtful i f  such a t ra f f ic  study could be reasonably j u s t i f i e d .  
A more p l aus ib l e  use of thermal sensors ,  given e x i s t i n g  techniques, 
is the study of a i r  and water po l lu t ion ,  provided t h a t  the  po l lu t an t s  
. . . . . . . 
studied a r e  known t o  c r e a t e  thermal d i f fe rences  i n  the  atmosphere o r  i n  
the  re levant  water body. 
la rge  s c a l e  t o  be i d e n t i f i e d  on cur ren t  imagery. 
imagery a t  frequent i n t e r v a l s  both day and night  would permit t h e  determination 
of t he  d i r e c t i o n  and degree of spread of po l lu t ion  from a given source under 
measureablc meteorological conditions.  
These d i f fe rences  would be on a s u f f i c i e n t l y  
_. 
The capab i l i t y  of obtaining 
c 
Control problems s t i l l  e x i s t  ( for  
example, t h e  e f f ec t  of r ad ia t ion  from d i f f e r e n t  land use types within the  
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c i ty )  , but  these  a r e  not as severe as i n  the  case o f  t r a f f i c  flow s tudies .  
Thermal sensors possess an advantage over t h e  multiband camera i n  
being capable of night-t ime operation. 
of elements within t h e  urban a rea  a r e  of major importance i n  i n t e r p r e t a t i o n ,  
radar  i s  l i k e l y  t o  prove t h e  more usefu l  night-time system. 
3 ,  Imaging Radars 
However, unless  temperature va r i a t ions  
Q L  
Most of t he  suggested uses of radar  i n  t h e  urban a rea  a r e  a d i r e c t  
conseqttence of i t s  a b i l i t y  t o  operate  e f f ec t ive ly  under v i r t u a l l y  a l l  weather 
conditions both day and n ight .  
Imaging radars  possess t h e  capab i l i t y  of providing both "real-time" 
However, comments r e l a t i n g  t o  the  former depend on t h e  and "on-demand" data .  
assumption t h a t  it w i l l  be poss ib le  e i t h e r  t o  i n s t a l l  these  sensors  an 
s t a t iona ry  s a t e l l i t e s  located over l a rge  urban centers ,  o r  t o  operate  t h e  
systems from a i r e r a f t  f o r  extensive periods 19 . 
Real-time da ta  a r e  e s s e n t i a l  t o  t he  monitoring of  intra-urban 
flows, p a r t i c u l a r l y  f o r  t h e  case i n  which cont ro l  decis ions having immediate 
e f f e c t  need t o  be made. Traffic-flow s tud ie s  provide an example o f  t h e  po- 
t e n t i a l  use  of  t h i s  sensor.  Almost continuous information on t h e  nature  of 
a t r a f f i c  stream i n  c r i t i c a l  rush-hour periods i s  required i f  appropriate  ac t ion  
is t o  be taken t o  prevent o r  d i sperse  congestion. 
t h i s  information i s  t o  u t i l i z e  da t a  feedback from airborne o r  spaceborne radar .  
One method of obtaining 
I t  may be argued t h a t  conventional methods of co l l ec t ing  real-t ime 
t r a f f i c  da t a  are equal ly  promising. However, one advantage of  the  radar  i s  t h a t  
a comprehensive p i c tu re  of  road conditions i s  provided a t  one poin t  i n  time, as 
compared with most ex i s t ing  techniques which obtain samples of  t r a f f i c  passing 
given poin ts  i n  u n i t  time. The comprehensive coverage permits estimates t o  be 
made of the  amount of t r a f f i c  feeding i n t o  key poin ts  i n  the  road ne t ,  
and a l s o  permits t he  rap id  i d e n t i f i c a t i o n  o f  major in te r rupt ions  
i 
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.I" 3; 
t o  f low ( p a r t i c u l a r l y  acc idents ) .  Furthermore, it is poss ib le  t h a t  
i d e n t i f i c a t i o n  procedures w i l l  be  developed t o  d i f f e r e n t i a t e  between 
vehicle  types.  This would allow an assessment of t he  r e l a t i v e  contr ibut ions 
of p r i v a t e  automobiles, t rucks,  and publ ic  t r anspor t  vehic les  t o  a given 
t raff ic  stream. 0 4  
U t i l i z a t i o n  of  such a system exer t s  o ther  demands. Development 
of s u i t a b l e  automated methods of da t a  i n t e r p r e t a t i o n  and processing a r e  
more c r i t i c a l  with respect  t o  t h e  handling of "real-time" than "on-demand" 
data .  
decisions from v i sua l  inspection,of imagery f o r  the vas t  number of sources 
In  t h e  t ra f f ic - f low case, it would be d i f f i c u l t  t o  make t r a f f i c - c o n t r o l  
of 
to 
of 
of 
be  
of 
p o t e n t i a l  congestion i n  a la rge  urban a rea ,  Development o f  procedures 
handle d a t a  i n  real-time s i t u a t i o n s  implies no t  only the  establishment 
r e l i a b l e  i d e n t i f i c a t i o n  methods f o r  vehicles ,  bu t  a l s o  the  development 
e f f e c t i v e  methods of s e l e c t i v e l y  recording t r a f f i c  da ta .  
Within the  framework of t r a f f i c  s tud ie s ,  other  uses of  radar  can 
i d e n t i f i e d .  
major i n t e r rup t ions  t o  flow over t i m e ,  p a r t i c u l a r l y  t o  determine the  
For example, it could be employed t o  inves t iga t e  the  impact 
s p a t i a l  ex ten t  of t h e  influences of  se r ious  accidents .  
is  known about flow c h a r a c t e r i s t i c s  i n  fog; radar  could be used t o  provide 
de t a i l ed  d a t a  on t h i s  phenomenon. 
Rela t ive ly  l i t t l e  
Many o the r  types of da ta  on dynamic pa t t e rns  can be obtained 
using radar  e For example, valuable information regarding t h e  r e l a t i v e  
a t t r a c t i v e  power of adjacent suburban shopping centers  could be  acquired 
by monitoring t h e  hour-by-hour build-up of ca r s  i n  associated parking areas.  
ir 
n a similar vein,  the impact of  new centers  on shopping behavior could 
be  assessed; da t a  c o u l d b e  obtained on the i n i t i a l  a t t r a c t i o n  of new shops, 
the time taken f o r  t r a v e l  pa t te rns  t o  s t a b i l i z e ,  and the ove ra l l  influence 
on o the r  centers  i n  the a rea .  The advantage of t h i s  remote sensor  over 
, 
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o ther  methods is  t h a t  such da ta  can be acquired a t  any time, p a r t i c u l a r l y  
a t  sho r t  no t ice ,  and over time periods of any des i red  length.  
The capab i l i t y  of radar  t o  acquire "on-demand" da ta  i s  
i l l u s t r a t e d  by a study of Figure 2.  Most of the  major urban land use 
types can be  i d e n t i f i e d  ( r e s i d e n t i a l ,  i n d u s t r i a l ,  commercial, and i open 
space) as well as the  main elements of the t r anspor t a t ion  network. More 
r e l i a b l e  i n t e r p r e t a t i o n  procedures may depend on t h e  use of s eve ra l  spec t r a l  
ranges in s t ead  of a s i n g l e  range i n  a manner analogous t o  t h a t  used f o r  
mul t i spec t ra l  photographs. In  addi t ion use mzy be made of the a b i l i t y  t o  
polar ize  t h e  emitted s igna l  i n  two d i r ec t ions ,  giving up t o  four  d i f f e r e n t  
images f o r  t he  same area  f o r  a given spec t r a l  range. Although it i s  not  
an t ic ipa ted  t h a t  i d e n t i f i c a t i o n  w i l l  be super ior  t o  tha t  f o r  t h e  multiband 
imagery, the  all-weather capab i l i t y  i s  an important consideration i f  f ly ing  
schedules a re  t o  be maintained. 
t o  be  updated on a monthly bas i s ,  weather condi t ions may prevent the use 
of t he  multiband camera. 
For example, if land use inventor ies  are 
If an a i r c r a f t  i s  used, i t  i s  v i r t u a l l y  impossible 
t o  set  t i g h t  schedules using v i s i b l e  l i g h t  systems; furthermore, i't is  an 
expensive proposi t ion t o  maintain crew and equipment i n  a s t a t e  of r ead i -  
ness f o r  severa l  days waiting f o r  s u i t a b l e  f ly ing  conditions.  A l l  of these  
f ac to r s  favor t h e  ser ious  consideration of radar  as  a means of acquiring 
"on-demand" data .  
u 
fie discussion s o  f a r  has centered on the  acquis i t ion  of imagery 
t h a t  i s  comparable i n  format t o  t h a t  obtained by conventional photography. 
"here are, however, addi t iona l  proper t ies  o f  r ada r  sensors which may be  
used t o  obta in  da t a  on aggregate movement, on ve loc i t i e s ,  and on routes 
followed by s p e c i f i c  ob jec ts  . 
F i r s t ,  it i s  poss ib le  t o  s e l e c t i v e l y  record those objec ts  i n  
a given imaged. a r ea  which a r e  i n  motion2'. A t  a high l e v e l  of reso lu t ion  
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individual  vehic les  will he  resolved; the arrangc~sent of the h i g h  xeturn 
elements will tend t o  be  l i n e a r  corresponding t o  t h e  road network i n  the 
imaged area .  
re turns  f o r  a r b i t r a r y  areas  ( f o r  example, the  squares i n  an appropriate  
A t  a coarser  l e v e l  of reso lu t ion ,  average i n t e n s i t y  of 
g r id  overlay) may be  computed t o  y i e l d  surrogates  f o r  . *  aggregate 1 movement 
i n  those areas .  Comparison of average movement values f o r  a l l  areas  a t  
one time, and f o r  s ing le  a reas  a t  frequent i n t e r v a l s  throughout day and 
night  would provide valuable information on aspects  of t r a v e l  behavior 
i n  t h e  urban area. 
Second, it is poss ib le  t o  a r t i f i c i a l l y  amplify or modulate the  
radar  s igna l  re turn ing  t o  the  recorder  from s p e c i f i c  ob jec ts ,  permit t ing 
r e l i a b l e  i d e n t i f i c a t i o n  of these  surface objec ts  from the  r e tu rn  s igna l  
pat tern21.  Continuous operation of a radar  system would permit t h e  tracking 
of routes  of "tagged" vehic les  (vehicles f i t t e d  with s igna l  modification 
evices) and the  determination of t h e i r  v e l o c i t i e s  from sequent ia l  images. 
If it proves t o  be poss ib le  e i t h e r  t o  obtain s u i t a b l e  reso lu t ion  leve ls  
from a s t a t i o n a r y  s a t e l l i t e  o r  t o  operate t h e  system from an a i r c r a f t  
f o r  extended per iods,  much more r e l i a b l e  da t a  on individual  t r a v e l  behavior 
could be acquired, p a r t i c u l a r l y  r e l a t i n g  t o  rou te  selectkon and t r a v e l  
times. This would help t o  overcome some of t h e  def ic ienc ies  of ex i s t ing  
" t rave l  diary" methods which s u f f e r  from the  lack of r e l i a b i l i t y  associated 
with nos t r,ecall da t a  e 
' 
The above comments ind ica t e  t h a t  a g rea t  deal  of research i s  
ill needed before  the  f u l l  u t i l i t y  of radar  i n  the urban a rea  can be  
r ea l i zed .  Research i s  necessary both with respec t  t o  technica l  development 
of specific sensors and t o  the  more rigorous s t ruc tu r ing  of experimental 
appl ica t ions .  
on the preliminary research undertaken t o  date ,  i t  i s  contended t h a t  radar  
However, based on the  b a s i c  p rope r t i e s  of t he  system and 
, 
ses a g r e a t e r  po ten t i a l  u t i l i t y  f o  rban research than any o the r  
avai lab le  sensor. 
CONCLUSION 
This paper provides an introduct ion t o  t h e  use of remote sensor 
imagery c a s t  within a broad framework of requirements f o r  urban da ta .  
I t  was shown t h a t  remote sensors possess p a r t i c u l a r  advantages with respect  
t o  t h e  c r i te r ia  of t imel iness  and f l e x i b i l i t y ,  and t h a t  t he  attainment of  
acceptable l e v e l s  o f  compat ibi l i ty  and r e l i a b i l i t y  depend on f u r t h e r  
research. 
The d i f f e r e n t  p rope r t i e s  of d i f f e r e n t  sensors provide d a t a  
which complement r a t h e r  than r e p l i c a t e  each o ther .  Furthermore, . as 
technological advances a r e  made, y ie ld ing  b e t t e r  imagery outs ide t h e  
v i s i b l e  range of t h e  electro-magnetic spectrum, our  a b i l i t y  t o  i d e n t i f y  
and i n t e r p r e t  w i l l  r ap id ly  improve. I n  addi t ion ,  non-visible systems 
provide da t a  on dynamic pa t t e rns ,  thus g r e a t l y  extending t h e  u t i l i t y  of 
remote sensors i n  t h e  urban area.  The po ten t i a l  value of remote sensors 
i s  not i n  question; t h e  major t a s k  i s  t o  develop and u t i l i z e  t h i s  po ten t ia l  
i n  t h e  most e f f i c i e n t  weiy. 
a 
NOTES 
1. 
2 .  
3'. 
4. 
5. 
For example, Clawson (Ref. 3,4) examines t h e  requirements f o r  land 
use  d a t a  i n  general .  Thomas (Ref. 20) cons iders  urban da ta  and urban 
information systems i n  p a r t i c u l a r :  
t o  urban d a t a  requirements i s  based on t h e  l a t t e r  study. 
much of  t h e  d iscuss ion  r e l a t i n g  
However, t h e  d a t a  c o l l e c t i o n  per iod f o r  t h e  United S t a t e s  Cevsws of 
Population and Housing i n  1960 extended from March 31 p a s t  April  30, 
although more than 95% of da t a  were co l l ec t ed  by April  1 5  (Source: 
United S t a t e s  Census of Population and Housing, _I_ 1960; Enumeration Time 
and Cost StudL, U. S. Department od Commerce, Bureau o f  t h e  Census, 1963). 
This  po in t  has been made by Garrison (Ref. 10) i n  r e f e r r i n g  t o  t h e  need 
f o r  small-area da t a  
Clawson (Ref, 4) e labora tes  on t h i s  p o i n t .  See Ch. V I ,  p a r t i c u l a r l y  p .  102. 
A good example i s  provided by Wellar (Ref. 25) who po in t s  out  t h a t  t h e  
d e f i n i t i o n  of housing q u a l i t y  v a r i e s  considerably from one c i t y  t o  
another .  The point  i s  a l s o  discussed by Clawson (Ref. 3, p .  674) .  
6. 
7. 
&. 
9 ,  
10. 
11. 
12. 
$ 
3, 
14 * 
', 
The most comprehensive s tudy is  t h a t  by Branch (Ref, 1). 
For a more complete d iscuss ion  of t h e  uses  and l i m i t a t i o n s  of  t h e  
d i f f e r e n t  c l a s ses  o r  sensor ,  see  Leonard0 (Ref. 1 2 ) .  
This p a r t i c u l a r  breakdown i s  t h e  one considered by t h e  authors  t o  be 
of  h e u r i s t i c  value;  o the r  d i scuss ions  of  urban information systems 
have used d i f f e r e n t ,  although r e l a t e d  subdivis ions.  See Campbell (Ref. 2)  
and Thomas (Ref a 20) 
For d e t a i l s  of t h e  RC-8 camera, s ee  'Airborne Photographic Equipment,' 
Defense Documentation Center, AD452117, p .  90. 
For d e t a i l s ,  see "tek Nine-Lens 70-mm Multiband Camera' - Model 2 
Operating Ins t ruc t ions ,  Vidya Corporation, Palo Alto, 1965. 
. I  
Discussion of t h e  operat ion o f  a micro-densitometer i s  provided by 
Moore e t  a1 (Ref. 1 4 ) .  
Research e f f o r t  t o  d a t e  has  l a r g e l y  beenefocussed on methods o f  automatic 
i n t e r p r e t a t i o n .  
d i f f e r e n t i a t i n g  between d i f f e r e n t  ty-pes of road and s t r e e t  sur faces ,  
rooftops,  and elementary land usesd  
Dueker (Ref, 8). 
Colner (Ref. 6) provides an example o f  land use  p l o t t i n g .  Tobler (Ref. 21) 
discusses t h e  quest ion of computer mapping i n  more general  terms. 
Some success has been achieved i n  t h i s  research  i n  
See Schneider (Ref. 17) and 
Examples of  t h i s  research a r e  provided by Da lke  (Ref. 7) and Rosenfeld 
e f ,  16). 
+ Ulhr  (Ref, 23). 
An overview of p a t t e r n  recogni t ion  i n  general  i s  given by 
(. 
.", 
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15. For a more de t a i l ed  d iscuss ion  of t h e  mul t i spec t r a l  system, see  
Molineux (Ref. 13) 
16. Many examples of t h e  use  of  s p e c t r a l  s igna tures  a r e  contained i n  t h e  
Proceedings of t h e  Third and Fourth Syniposia on Remote Sensing 
o f  Environment, Inf ra red  Physics Laboratory, Universi ty  of Michigan, 
Ann Arbor, 1964 and 1966. see, f o r  example, Legault and Polcyn (Ref. 11). 
17. Most thermal in f r a red  imagery is  c l a s s i f i e d .  That which is  ava i l ab le  
i s  gene ra l ly  o f  poor qua l i t y .  d i  
18. This statement i s  contained i n  a general  d i scuss ion  of  the a p p l i c a b i l i t y  
of thermal in f r a red  techniques by Estes  (Ref. 9) 
19. The T e a s i b i l i t y  of extended airborne operat ion was pointed out by 
M r .  G .  Towner of  t h e  Westinghouse Corporation (personal communication) 
20. This refers t o  t h e  system known as t h e  Moving Target Ind ica to r  (MTI) 
21. This technique has mainly been developed us ing  longer wavelength rad io  
systems: see, f o r  example, Cochran e t .  a l .  (Ref. 5 )  
!. 
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